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Abstract 
The magnetic field structure measurements are necessary for understanding of wave propagation in plasma of the auto-oscillating 
discharge in the open adiabatic trap PR-2. Measurements were made by the developed system for automatic positioning of 
magnetic probes placed inside the PR-2 vacuum chamber. All magnetic probes were pre-calibrated using Helmholtz coil. Four 
different circuit configurations were used to excite oscillations in wide frequency range. Observed frequencies of plasma 
oscillations using magnetic probes correspond to the circuit resonant frequencies. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering 
Physics Institute)  
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1. Introduction 
 Auto-excitation of oscillations in the open adiabatic trap PR-2 with a beam-plasma discharge is a subject of 
systematic investigations. Generally current oscillations in the discharge circuit and potential oscillations of beam 
collector are included into analysis. The N-shaped CVC formation models [Gutorov (2014)] and oscillations 
development in plasma representation as equivalent inductance and resistance [Gutorov (2007)] were developed. 
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in figure 2. Base configuration consists of plasm
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Fig. 3. Magnetic probe signals and col
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Table 1. Experimentally observed and reference frequencies. 
Discharge circuit Plasma 
freq., GHz 
Electron gyro 
freq., GHz 
Ion gyro 
freq., MHz 
Collector 
freq., MHz 
Probe freq., 
MHz 
Wavelength, m 
Base 2.2  1.9  1.02  30  30  6.8  
Base, floating collector 1.2  1.9 1.02  159  159  5.4  
Inductance 0.46 mH 1.4 1.6  0.89  0.06  7.8  19.3  
Inductance 1 mH 1.4 1.6  0.89  0.039  7.8  19.3 
Capacitance 1.6  1.6  0.89  30  30  8.6  
Capacitance, floating collector 1.2  1.9 1.02  120  120  6.2  
Antenna, Ar 2.8  2.3  0.03  5.9  5.9 / 26  13.3/6.3 
Antenna, H2 1.8  2.3  1.27  5.9 / 28 5.9/11/28/44 20.7/15.1/9.5/7.6 
 
Resonant frequencies were calculated for all implemented discharge circuits. Values of plasma inductance and 
collector sheath capacitance were estimated from the measured plasma parameters. That has resulted in the total 
capacitance ȈC and inductance ȈL of the circuit. It can be seen that the plasma oscillations frequencies observed 
with magnetic probes correspond to the circuit resonant frequencies (Table 2).  
Table 2. Circuit components and resulting frequencies. 
Discharge circuit Lp, ȝH CN,pF LF, ȝH C, pF ȈL, ȝH ȈC, pF Resonant freq., 
MHz 
Probe freq., 
MHz 
Base 2.8  5.3  0.66  - 3.46  5.3  37  30  
Base, floating collector 7.5  0.15  0  -  7.5  0.5  150  159  
Inductance 0.46 mH 4.5  0.34  0.66  250  5.16  2.9  41  30  
Inductance 1 mH 7.1  4.24  0  250  7.1  0,2  122  130  
Capacitance 4.1  1.2  460  -  465  1.2  6.8  7.9  
Capacitance, floating collector 3.7  0.63  1000  -  1005  0.63  6.3  7.9  
Antenna, Ar 2.1  15  0.66  -  2.76  15  24  26  
Antenna, H2 3.7  6.5  0.66  -  4.36  6.5  30  28  
 
5. Conclusion 
Wave propagation in plasma with oscillations auto-excitation in discharge circuit was studied using constructed 
magnetic probes positioning system. Plasma oscillations frequencies observed with magnetic probes correspond to 
the calculated circuit resonant frequencies. Registered frequencies are in the range between ion and electron 
cyclotron frequencies, which corresponds to helicon waves. 
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